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doubly glad that he had lately succeeded in convincing the 
Government that somewhere in Germany there must be a place 
where every student could at all times find instruction on 
questions of pathology and medicine, that he had been in¬ 
strumental in securing the rebuilding of the pathological 
museum. 


7 HE TEMPERATURES OF REPTILES, MONO- 
TREMES AND MARSUPIALSI 
'"FHERE has for many years past been a tendency to diminish 
A or ignore the distinction between the cold-blooded and the 
warm-blooded types of animal life. Yet the difference is one 
that is not only real, but in some respects radical. In very few, 
however, of nature’s classes is there found a line of sharp de¬ 
marcation, and the chief purpose of this paper is to point out 
that, though the distinction between the two types is real, there 
lies between these two types a line of steady gradation. 

Although the invertebrates have the capacity of producing 
heat, they are themselves cold-blooded. With the exception of 
the insects, they very rarely rise more than a fraction of a degree 
above the temperature of the media in which they happen to be. 
According to observations of Prof. Valentin, polypi, medusa?, 
echinoderms, molluscs, crustaceans and cephalopods are able to 
raise themselves about a fifth of a degree, sometimes as much as 
three-fifths of a degree, above their environment.- 
Among insects the power of heat-prodaction is very much 
greater. Though essentially cold-blooded creatures, in the sense 
that they have no fixed standard of body-heat towards which 
they approximate, they are almost always warmer than their 
media ; but if they are at rest that excess is only a degree or two. 
In case, however, of severe exertion, they are capable of-warming 
themselves to a remarkable extent. 

In the case of fish, amphibia and reptiles the same is true. 
At rest all of them remain at the temperature of their environ¬ 
ment, rising and falling with it, and showing no capacity, 
however rudimentary, of maintaining a fixed and characteristic 
temperature; yet all can warm themselves by exertion. The 
large blue-tongued lizard, which is common in the southern parts 
of Victoria (Cyc/odus gigcts), can warm himself as much as half a 
degree in ten minutes of anger. In five experiments of this sort 
I found that different individuals had different capacities of being 
irritated, but the average was a trifle under half a degree for ten 
minutes of exasperation. 

By activity, and consequent heat-production, all fish, amphibia 
and reptiles seem able to keep themselves a little warmer than the 
air or water in which they dwell. Dutroche tells us (Ann, des 
Sciences Nat., xiii. p. 20) that the newt can keep itself from 2° 
to above the temperature of its medium, the turtle ij° to 3J 0 , 
and the common green lizard of France (Lacerta viridis ) from 4 0 
to 7 0 . Max FUrbinger asserts that species of blind worm rise as 
much as 8° above the temperature of the air. Fish at rest 
appear to take almost absolutely the temperature of the water 
wherein they live, but after a* struggle, or any other form of 
energy, they may warm themselves two or three degrees. 

This, however, has no real affinity with a warm-blooded habit. 
And yet these creatures approach in a remote way the warm¬ 
blooded condition by sometimes developing a capacity for heat- 
production in the action of their viscera. Dumeril has shown 
that snakes by mere digestion can warm themselves from 2° to 4 0 , 
the maximum temperature occurring about twenty-four hours 
after a meal. 

Thus it constantly happens that these animals, though essen¬ 
tially cold-blooded, may be observed at temperatures somewhat 
above that of their environment. But in general that excess is 
not great, and it leaves the distinction between the warm-blooded 
and the cold-blooded type quite unaffected. 

The true criterion of the difference is of course the concomi¬ 
tance of the temperature of the animal and its medium. An 
animal of the warm-blooded type may vary a trifle in its general 
body temperature when the climate alters, but it maintains an 
almost constant degree of heat. The reptile, though it may 
maintain itself a few degrees above the surrounding temperature, 
always varies with it, rising and falling so as to keep always the 
same number of degrees in excess. 

To see how far this concomitancy held, I placed two 

1 By Alexander Sutherland. Abridged from the Proceedings of the Royal 
Society of Victoria, vol. ix. (New Series), 1897. 

2 All degrees in this paper are Centigrade. 
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specimens of the large lizard already mentioned into a small 
tank of water, so that only their noses were above water. I 
then warmed up the water at various rates of speed by means of 
one or more lamps. The accompanying diagram (Fig. 1) shows 
how closely the lizards followed the temperature of the enclosing 
water. 

Cyclodus gigas is a very sluggish creature, and if left alone 
never warms himself by any exertion, yet if one takes his 
I temperature in the early part of the day it will almost always 
| be found to be below that of the air. After sunset it is 
i generally higher. During two years I kept specimens of this 
species in a box, sometimes six or eight, sometimes only two 
or three. I took their temperatures morning and evening, 
not altogether continuously, but throughout the larger portion 
of that time. The average of all these observations gave for 
lizards i8°*i, for the air i 8°‘4. This is a very close approxima¬ 
tion considering that the temperatures had the wide range that 
lies between 12 0 and 32 0 . The lizards appear to be a little 
colder than the air. This I believe to be due only to the fact 
that, taking temperatures before eight o’clock in the morning, 
the lizards were still considerably in the rear of the temperature, 
while between five and six o’clock in the evening, though they 
were above the air temperature, the excess then did not wholly 
balance the morning deficiency. 

I am convinced that if one took the temperature of a quiet 
lizard every hour for a month, the average would correspond 



Fig. i. —To show concomitance of temperatures of lizards and water. 
Upper line, temperature of water; lower line, temperature of 
lizards. 

almost exactly with the average temperature of the air. _ The 
morning and evening observations which I took would give a 
less exact result, though from them the difference is only three- 
tenths of a degree. 

The steps whereby the more active and intelligent warm¬ 
blooded types have-arisen from the lethargic level would form a 
fascinating subject for inquiry, but I purpose here only the much 
easier and more prosaic one of recording that such steps, how¬ 
ever caused, do actually present themselves, and that these are 
in the most perfect accordance with the existing classification, 
which is based on anatomical considerations alone. 

The monotremes are, in consideration solely of their more 
reptilian anatomy, placed lowest in the scale of mammals. Their 
low- temperature would entirely justify, were justification in any¬ 
way needed, the position thus assigned them next to the reptiles. 
The temperature of the duck-billed platypus has been determined 
by Baron Miklouho-Maclay to be, as the average of three 
observations, 24° - 8 when the water in which the animals were 
kept averaged 22°'2 ( Journal of Linnean Society of N.S.W., viii. 
p. 425, and ix. 1204.) 

Now, the average of forty-five specimens of the ten higher 
orders of the mammalia, excluding the monotremes and 
marsupials, is 38°'9, as calculated from Dr, John Davy's lists 
{Edin. Phil. Journal, 1825, p. 300), while the average of a 
similar but shorter list supplied by Max Ftirbinger is 39“. We 
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may take this as fairly indicative of the general mammal temper¬ 
ature, which does not, except in constitutional disturbances, 
vary so much as two degrees on either side of this limit. No 
mammal indeed seems in good health to be warmer than 40° ; 
scarcely any descend lower than 37 0 . 

The platypus, therefore, at only 24 0 ‘8 is almost a cold-blooded 
animal. The only other genus of monotremes, the echidna, 
carries us a step upwards. Baron Miklouho-Maclay’s average 
of five observations is 28°, while the air was 20°. I have kept at 
different times fourteen specimens of Echidna kystrix, and made 
twenty-seven observations on the temperatures of all I happened 
to have at any particular time. I found the average to be 
29°'4, or nearly a degree and a half above that of the Baron. 
But these animals show their affinity with the reptiles by a 
temperature so variable with the weather that we may readily 
expect the average of one series of experiments to differ very 
considerably from that of another. 

An echidna one cold morning was as low as 22 0 ; another, 
brought in from the forest in a sack exposed to a fierce midday 
heat, registered as high as 36° 6. The accompanying diagram 
(Fig. 2) represents the general character of the variations, the 
temperatures in each case being the average of from three to six 
individuals, which never vary from one another at the same time 
more than a fifth of a degree. 

It will be seen that the temperatures of the echidnse varied 
from 22 0 to 36°*6. This is an immense range for a mammal, 
and suggests a reptilian want of capacity for temperature regu¬ 
lation. Moreover, though the concomitancy between the air 



and the body temperatures is by no means strict, there is enough 
to show that the one in a large measure follows the other. It 
is to be remembered that while a monotreme may rise and fall 
with the air, yet the one change will follow the other after a 
definite period of time, and an hour after sunset, though the air 
in a box may have grown much cooler, the echidnse in that box 
may have only begun to cool. 

The next stage in the anatomical classification brings us into 
the order of the marsupials, and here again we make an upward 
step in view of a temperature higher, but not so high as that of 
mammals in general; steadier, but not so steady as is usual in 
all the remaining orders. I have observed the temperatures of 
sixteen different species of marsupials, and they average 36° 
exactly, as the result of 126 observations. They are thus3° below 
the average of other mammals. 

The marsupial whose temperature, so far as I have observed, 
comes next above the monotremes is the wombat, which stands 
at 34°*i, as the average of single observations made on two 
specimens ( Phase oloviys lasiorhinus , 34°*3, and P. platyrkinus, 
34 0 ). Next seems to stand the genus Petaurus, or flying squirrel. 
Mr. Ernest Le Souef was good enough to observe for me the 
temperatures of five specimens in the Zoological Gardens of 
Melbourne. The average is 35 0 *7. 

After that comes the genus Phascolarctos, our little native 
bears or koalas. I have kept numerous specimens of this animal 
(P cinerus) on his native gum trees, with nothing artificial about 
him save a strap and rope whereby he could be pulled down 
from time to time to have his temperature observed. Thus I 
made eighty-three observations, the average of which amounts 
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to 36°'4. Females at the breeding time are always very 
decidedly above the ordinary degree of warmth. If such cases 
be excluded, the average is exactly 36°. But the average for 
males alone is only 35° '2. The range of variation may be seen 
in Fig. 3. 

The range is not very wide, yet I have often known healthy 
specimens that had been for a while in the sun stand as high as 
37 0 '9, while on a cool day or in a very shady place the same 
individuals would be only 35 0 ‘3, a range greater than we would 
find under the same circumstances in any of the higher mammals. 
The highest register I ever obtained for a thoroughly healthy 
koala was 38°‘4, which is a degree and a half above the normal 
temperature of man ; the lowest was 34 0 '9, or nearly two degrees 
below man’s normal. 

According to observations taken for me by Mr. Ernest Le 
Souef, the Dasyures come next at an average of 36 c . 

Phalangers stand next in order. The average of twenty-two 
observations on from two to four specimens of the ring-tailed 
opossums (Phalangista) gave 36°'6, which is only a little below 
the normal human temperature. But again the range was much 
greater than one finds in any of the higher mammals. In cool 
weather, with the thermometer at 16 ’8, a male would register 
about 35 0 , a female about one-tenth of a degree higher ; but in 
warmer weather, though still in the shade, where the thermo¬ 
meter registered 31 0 to 35 0 , the opossums would be about 37°« 

Mr. Ernest Le Souef took for me the temperatures of three of 
these Australian opossums in the Melbourne Zoological Gardens. 
Phalangista viPpina gave 36° *1, Phalangista fuliginosa 37 ° 3 * 



Fig. 3. —To show want of concomitance in the tempera lures of Koala and 
air. Upper line, Koala ; lower line, air. 

This corresponds with Selenka’s observations of the true 
opossums (Didelphys), which ranged about 37 0 . 

I have made only four observations on the temperatures of the 
kangaroo family. They are a little under the human standard. 
Macropus giganteus gave 36° *6, Halmaturus bennetiii gave 
37 0 *i, Petrogale xanthopus 35 0 ‘9, while the tree kangaroo 
[Dendrogalus grayi) was exactly at the human standard, 37°. 

From the few recorded temperatures of rodents and in- 
sectivores, I should think it most probable that they came next 
in order, with perhaps the Cetacea and Sirenia, judging from 
occasional records, as almost on the same level. All the other 
orders of mammalia stand uniformly much above the human 
temperature. 

It is clear, therefore, that there are grades of temperature, and 
that the mammals which are classed lowest on anatomical 
grounds are not only of the lowest temperature, but also of the 
greatest range, and they are likewise, of all mammals, those 
which are under the strongest and most direct influence of the 
temperature of the environment. 

Similar, though much less complete connecting links may be 
seen in the case of birds. The lowest of birds are the Ratitpe, 
or Cursores, and these appear to have the lowest temperature. 
Mr. Ernest Le Souef took for me in the Melbourne Zoological 
Gardens observations on the temperature of the emu. These are 
the lowest records of bird temperatures of which I know. They 
averaged 39° * 5 , while all the birds above the Ratitse are in¬ 
variably over 40°. The temperature of thirty-six fowls, taken 
quietly by night from their perches, averaged 41° exactly, while 
that of twelve, lifted from the nests in which they were brooding, 
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was 41 0 ‘4. Numbers of fowls caught while roaming about 
averaged 4i°*3, but these of course were always warmed up 
previously by a little violent exercise. Turkeys stand about 
the same level ; ducks are stated, on good authority, to be lower ; 
but I have found for these birds, from a fairly large number of 
observations, an average of 42° - i. The temperatures of birds of 
the more intelligent orders is generally somewhat higher. If 
we exclude the birds of prey, we might say that in all orders 
above the anseres, grallse and gallinae the temperature ranges 
over 42 0 . It would be a matter of interest to secure some 
observations of the temperature of the apteryx, in order to 
determine whether the lowest of birds shows by its body warmth 
in some degree the same reptilian affinity which the mono- 
tremes exhibit. In that case there would be reason to believe 
that the rest of the Ratitm would correspond closely to the 
Marsupials, being a connecting link, but much closer to the 
higher forms than to the lower. 

In a very general way, and not forgetting numerous limitations 
and contradictions, it may be said that bodily activity depends on 
body temperatures, that creatures such as insects and reptiles 
are active only when warmed up from without, but become 
torpid with decreasing temperature. The type in which activity 
is generally habitual, maintains its own body temperature. This 
is seen in the mammals, but more still in the birds. But this 
warm-blooded active condition was produced by no sudden 
emergence ; the niunotremes and marsupials form a gentle 
gradation between the reptile and the carnivore or ungulate ; 
while, so far as indications point, there is reason to believe that 
the lower birds still are reminiscent of a once existent chain of 
links which equally joined the cold-blooded lizards to those 
warmest-blooded of all creatures, the passeriformes and 
fringilliformes. 


UNIVERSITY AND EDUCATIONAL 
INTELLIGENCE. 

Oxford. —Dr. W. T. Brooks has been appointed Litchfield 
Clinical Lecturer in Medicine. 

The Welsh Prize for Human Anatomy for 1897 has been 
awarded to Mr. A. T. Waterhouse. 

W. K. Spencer, of Batley Grammar School, has been elected 
to a Demyship in Natural Science at Magdalen College, and A. 
J. Webb, of Dulwich College, to an Exhibition. 

Convocation has conferred the degree of M.A., by decree, on 
Mr. A. A. Rambaut, the newly-appointed Radcliffe Observer. 

Prof. Gotch and Dr. Buck master have been appointed 
Examiners in Physiology, and Prof. All butt and Dr. Ormerod in 
Medicine for the M.B. Examinations from 1898-1900. 

Mr. N. V. Sidgwick, Ch. Ch., is President of the Junior 
Scientific Club for the present term. The other officers are : 
Treasurer, Mr. A. E. Boycott (Oriel) ; Editor, Mr. A. R. 
Wilson (Wadham) ; Secretaries, Mr. A. Hartridge (Exeter), 
and Mr. F. Nunneley (B.N.C.). 

Cambridge. —Dr. Shore, of St. John’s College, has been 
appointed Chairman of the Examiners for the Natural Sciences 
Tripos, and Dr. Hobson, of Christ’s College, for Part II. of the 
Mathematical Tripos. 

The Arnold Gerstenberg Studentship, for natural science 
students who distinguish themselves in Moral Philosophy, has 
been awarded lo Mr. C. F. G. Masterman, of Christ’s College. 

By the will of Mr. Joseph Gedge, M.B., who died at Khartoum 
in 1870, while acting as medical officer to Sir Samuel Baker’s 
expedition, a sum of 1000/. has now come to the University for 
the foundation of a biennial prize in Physiology. The recipient 
is to be a graduate of the University of not less than five or 
more than seven years’ standing from matriculation, who sends 
in the best essay embodying original observations in physiology, 
including histology, physiological chemistry, and physiological 
ph)sics. If the prize is not awarded on any occasion, the 
accumulated income of the fund is to be given to the Museums 
of Anatomy and Physiology. 

At St. John’s College the following awards in Natural Science 
have been made to students not yet in residence :—80/. scholar¬ 
ships, Williams, of Pocklington School, and Wakely, of St. 
Olave’s School; 70/. scholarship, Gregory, of University College, 
Bristol; 50/. minor scholarships, Crocker, of Llandovery College, 
and Macalister, of Charterhouse ; 50/. exhibition, Browning, of 
Dulwich College. 
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At Trinity College the corresponding awards are as follows :— 
75/. minor scholarship, Harrison, of Royal College of Science, 
London ; 50/. minor scholarship, Hamill, of St. Paul’s School ; 
40/. exhibitions, Keeling, of Bradford School, and Scott, ot 
Rugby School ; sizarship, White, of Royal College of Science, 
London. 

The death is announced of Dr. Arthur Scheffer, formerly 
professor of chemistry and medical physics in the University or 
Kieff. 

The Calendar for the seventeenth session (1897-98) of the 
University College, Nottingham, has just been published at 
Nottingham by Mr. J. Sands. 

Mr. Arthur Hamilton White has been appointed 
professor of pathology in the school of the Royal College of 
Surgeons, Ireland, in the place of Dr. Thomas Myles, resigned. 

A laboratory for experimental psychology has been opened, 
under the direction of Dr. W. O. Krohn, in the Illinois Eastern 
Hospital for the Insane, at Hospital, Ill. 

At a meeting of the Court of the Victoria University, held at 
Owens College, Manchester, Prof. D. J. Leech was re-elected a 
member of the Council. It was resolved : “ That the colleges 
of the University be invited to take such steps as may be 
necessary to secure the inclusion of the colleges in the list of 
institutions at which Royal exhibitions and national scholarships 
can be held.” 

The Kingsley Laboratory of the Worcester Academy was 
dedicated on October 30. Addresses were delivered by 
President Eliot, of Harvard University; President Hall, of 
Clark University, and President Mendenhall, of the Worcester 
Polytechnic Institute. The building is said to be the best 
equipped for the study of science possessed by any secondary 
school. 

Geheimer Berg rath Bruno Kerl, professor of metallurgy 
at the Berlin School of Mines, has retired after more than fifty 
years constant professorial work at Clausthal and Berlin. He 
has been a voluminous contributor to the literature of metallurgy, 
and for thirty-eight years he was one of the editors of the Mining 
and Metallurgical Journal of Leipzig. On his retirement the 
German Emperor bestowed on him the Order of the Red Eagle 
in recognition of his great services to metallurgy. 

The following appointments abroad are noticed :—Dr. 
Charles W. Dabney, recently assistant secretary of agriculture, 
to be president of the University of Tennessee; Dr. Arthur 
Allin, of Ohio University, to be professor of psychology and 
pedagogy in the University of Colorado ; Dr. Hermann Munk 
to be full professor of physiology in the University of Berlin ; 
Dr. Hettner, of Leipzig, to be assistant professor of geography in 
the University of Tubingen, Dr. Max Busch to be assistant 
professor of analytical chemistry and chemical technology in the 
University of Erlangen ; Dr. Zwaardemaker to be professor of 
physiology in the Universiiy of Utrecht; Dr. Frank K. Cameron, 
late associate professor of chemistry in the Catholic University of 
America at Washington, to be research assistant in physical 
chemistry in Cornell University ; Dr. O V. Darbishire to be 
lecturer (privat-dooent) in botany at the Prussian University of 
Kiel; Dr. A. R. Hill has been appointed to succeed Prof. 
Wolfe at the University of Nebraska. The chair vacated by 
Prof. Hill at the Osh-Kosh Normal School has been filled by 
the election of Dr. F. D. Sherman. 

The Report of the Council, of the London Society for the 
Extension of University Teaching, for the session 1896-97, has 
reached us, and is of an encouraging nature. The number of 
courses for the session under review was 160, as compared with 
148 for 1895-96, and the number of students for the two periods, 
in the order named, was 14,150 and 13,238. The slight falling 
off in the number of certificates awarded (1807 in 1896-97, as 
against 1906 in 1895-96) is explained by the alterations made 
in the Regulations of the Education Department with regard to 
the Queen’s Scholarship Examination. Candidates are now only 
allowed to take the University Extension examination as an 
alternative to the Queen’s Scholarship examination in the same 
subject, whereas formerly the possession of a sessional cer¬ 
tificate secured a block of sixty marks in addition to those ob¬ 
tained in the ordinary examination. The Council anticipated 
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